Dispersal and maturation of seed is a complex event in flowering plants. The genes shatterproof1 (shp1) and shatterproof2 (shp2) are essential for fruit dehiscence in Arabidopsis. In this study, we have analyzed the diversity in these two genes and their molecular implications in some members of Oleraceae. We have studied the gene organization of these two genes and various biochemical and biophysical parameters of the proteins encoded by these two genes. Though there are some similarities, there also exist some notable differences. These differences could be exploited for creating a library of synthetic alleles (neutral or advantageous) to be used for genetic engineering, thus ensuring a wide genetic base. This diversity analysis may be significant to create diversity in the transgenic plants for shattering resistance using genetic engineered methods. This analysis explores the possible correlation of results of this study with the phenotypic data to derive functional significance of the diversity in SHP genes.
Introduction
The variety of genes within a species is described as genetic diversity. The variety of different alleles must be conserved to conserve the genetic diversity. This is indispensable for adaptability to environmental changes and is therefore vital to species survival. More variation ensures that there are better chances of at least some individuals having some allelic variant that is suited to extreme weather conditions. These individuals may produce offspring with the variant that will be carried throughout successive generations.
Loss of genetic diversity in agriculture is dangerously leading to extinction. We must preserve the complex interrelationships that hold the natural world together. Reducing the diversity of life, narrows our options for the future and raises question on our own survival. Though we aim to be grain-rich, we should not be gene-poor. The genetic engineering of crops should also aim to create gene rich base. Thus it is important to have a library of alleles (neutral or advantageous) which can be used for genetic transformation and molecular breeding. It is important to characterize these genes and proteins coded by them in this context. Some of the properties from the library of genes could be used to construct novel gene constructs (Butler and Reichhardt 1999) . Crops can be enhanced in a surprising number of ways, and alteration of genes to improve yield is just one. Twenty to fifty percent of a rapeseed crop harvested and crushed to yield canola oil, can be lost because the pods exposed and release the seeds before the farmer can harvest them. But when two nifty genes called shatterproof1 (shp1) and shatterproof2 (shp2) are mutated, the seed pods fail to shatter, or spurt. The Yanofsky team reports the discovery of two weakened shatterproof genes in Arabidopsis thaliana, a minute flowering weed geneticists study to isolate genes imperative in plant development. Genes that control pod shattering in Arabidopsis are likely to be present in close relatives like cauliflower, brussels sprouts, broccoli, peas, soya beans and other important food crops. Discovery of weak versions of shatterproof and inserting them into rapeseed strength increase the production of crop per hectare, making the land more productive and reducing the amount of water, pesticides and fertilizer a farmer needs. It might be one of the more immediate applications of the team's discovery (Liljegren et al. 2000) .
In this study, we have analyzed the diversity in SHP1 and SHP2 genes and their molecular implications. This could be used to create wider secondary or tertiary genetic pools. A coherent theory of neutral evolution was proposed by Motoo Kimura in 1968 (Kimura 1968 and by King and Jukes independently in 1969. Researcher suggested that the vast majority of molecular differences are selectively "neutral" when the genomes of existing species are compared (King and Jukes 1969) . The neutral theory of molecular evolution further holds that at the molecular level most evolutionary changes and most of the variation within and between species is caused by genetic drift of mutant alleles that are neutral and not by natural selection. A neutral mutation is defined as a mutation that does not affect an organism's survival or reproduction abilities. The neutral theory allows for the possibility that most mutations are deleterious but they do not make significant contributions to variation and are rapidly purged by natural selection. Other mutations (not deleterious) are assumed to be mostly neutral. In addition to assuming the primacy of neutral mutations, the theory also assumes that the fate of neutral mutations is determined by the sampling processes described by specific models of random genetic drift (Kimura 1983 ). This theory is proposed to be applicable at molecular level and not at phenotypic level.
This concept of neutral mutations is primarily based on the degenerate genetic code, in which the third position of the codon may differ and yet encode the same amino acid. As a result many potential single-nucleotide changes are in effect synonymous in other words "silent" or "unexpressed". Essentially such changes are presumed to have little or no biological effect. A second hypothesis of the neutral theory is that the genetic drift acting on neutral alleles is the cause of most evolutionary changes is the result of genetic drift acting on neutral alleles. After appearing by mutation, a neutral allele may become more prevalent within the population by genetic drift. In rare cases it may become fixed, in the population. It is notable however that neutral theory does not deny the occurrence of natural selection.
In this study we have tried to characterize some of the diversity in the gene pool of Oleraceae in context of SHP1 and SHP2 genes. The alleles used in this study may be neutral or advantageous. This important study lays groundwork for correlation of molecular diversity with the phenotypic diversity and better understanding of gene pool available with respect to SHP1 and SHP2 genes in Oleraceae. The results used in this study could further be used for rational genetic manipulation of important crop plants.
Results and Discussion
The vast genetic diversity in plants is an important resource. The diversity at molecular level is particularly important and can be used to rationally engineer crop plants. In this paper we have characterized the diversity in the SHP1 and SHP2 at gene and protein level.
Gene Organization
The organization of the gene has important functional implications. The exon/intron organization of genes from the plants which were selected for protein analysis was determined using FGENESH (Solovyev et al. 2006) . (http://www.softberry.com/berry.phtml?topic=fgenesh&group =programs&subgroup=gfind). The results are shown in Table  4 and 5. There is only a single exon in all the SHP1 and SHP2 genes studied except the Brassica napus which has 7 exons.
Protein analysis
For protein analysis NCBI protein blast was performed with SHP1and SHP2 proteins from Arabidopsis thaliana. The tabulated proteins were used in this study from obtained hits.
Domain analysis
The search for domains in the listed proteins in the NCBI database revealed that MADS box and K boxes are present in the proteins studied. The distribution of MADS boxes and K boxes in the SHP1 and SHP2 proteins from different plants is shown in Table 6 and Table 7 . MADS box is present in all the analyzed SHP1 proteins. Similar distribution of MADS box domain was observed in the SHP2 proteins. The positions of MADS box domain in SHP1 and SHP2 proteins were broadly conserved in the analyzed proteins which may have important functional implications. MADS box is a DNAbinding domain found in many eukaryotic regulatory proteins: such as MCM1, the regulator of cell type-specific genes in fission yeast; DSRF, a trachea development factor found in Drosophila ; the MEF2 family of myocyte-specific enhancer factors; and the Agamous and Deficiens families of homeotic proteins found in plants. Proteins belonging to the MADS family function as dimers. The primary DNA-binding element of these proteins is an anti-parallel coiled coil of two amphipathic alpha-helices. One alpha helix each is contributed by each subunit and the basic N-termini of the helices fit into the DNA major groove. The chain extending from the helix N-termini penetrates into the minor groove. The MADS-box domain is commonly found associated with K-box region (http://www.ebi.ac.uk/interpro/IEntry?ac=IPR002100#PUB0 0000821). The K box domain was found to be present in SHP1 and SHP2 genes. The K box domain was found in SHP1 protein in all the plants in all the studied SHP1 proteins. The K-box was also found to be present in all the analyzed SHP2 proteins. The position of K-box in SHP1 and SHP2 proteins was broadly conserved in all the proteins studied. The above mentioned fact may be functionally relevant. The K-box region is frequently found associated with SRF-type transcription factors. The K-box is a possible coiled-coil structure and has a possible role in multimer formation (http://www.ebi.ac.uk/interpro/IEntry?ac=IPR002487).
Multiple sequence alignment
The SHP1 and SHP2 proteins were subjected to multiple sequence alignment (Figure 1 and 2) using Mulatalin. The positional variations in these genes from different plants have been listed in Tables 8 and 9 respectively.
Secondary structure analysis
The secondary structure analysis in the listed SHP1 and SHP2 proteins was performed using GOR IV tool. These results are shown in Figure 3 , 4, 5 and 6. The positional variations in secondary structure from SHP1 and SHP2 proteins have been tabulated in Tables 10 and 11 . The conspicuous differences have been highlighted.
Analysis of physico-chemical properties
The analysis of physico-chemical properties of SHP1 and SHP2 proteins was done using Protparam. The Protparam analysis (Table 12) shows that the SHP1 and SHP2 proteins studied in the plants in this study are unstable. The 'stabilityfunction hypothesis' has been proposed by (Meiering et al. 1992) and further developed by (Schreiber et al. 1994 ) and (Shoichet et al. 1995) . This theory states that protein stability is not maximized; in contrast, there is a balance between stability and function. Residues which contribute to ligand binding or catalytic activity may be suboptimal for stability. Thus it is probable that during the evolution of SHP1 and SHP2 proteins the stability has been traded off for functional residues. The aliphatic index of a protein is defined as the relative volume occupied by aliphatic side chains (alanine, valine, isoleucine, and leucine). It may be regarded as a positive factor for the increase of thermostability of proteins (Atsushi 1980) . The aliphatic index of the studied proteins is broadly similar as demonstrated by Protparam analysis.
De novo detection of repeats
De novo detection of repeats in SHP1 and SHP2 protein sequences was done using RADAR. Of all the proteins studied, Arabidopsis thaliana, Arabidopsis lyrata and Brassica napus show 1 set of repeats (Table 13 ). The other proteins studied have no repeats. Many large proteins have evolved by internal duplication and many internal sequence repeats may correspond to functional and structural units (Heger and Holm 2000) .
Detection of PEST motifs
The detection of PEST motifs in SHP1 and SHP2 was done using ePESTFind. PEST motifs reduce the half-lives of proteins dramatically and hence, that they target proteins for proteolytic degradation The Pest motifs share high local concentrations of amino acids proline (P), glutamic acid (E), serine (S), threonine (T) and to a lesser extent aspartic acid (D) (Rechsteiner et al. 1987; Rechsteiner and Rogers 1996) . The ePEST analysis (Table 14) shows that all the proteins studied have PEST motifs and most of the proteins studied have two motifs. However the length of motifs is highly variable.
Prediction of O-GlcNAC sites
The Prediction of O-GlcNAc sites in SHP1 and SHP2 was done using (YinOYang 1.2 www server) (Gupta 2001) Table  15 displays predictions for O-ß-GlcNAc attachment sites in the studied proteins. The addition of a carbohydrate moeity to the side chain of a residue in a protein chain influences the physicochemical properties of the protein. Glycosylation is known to alter proteolytic resistance, protein solubility, stability, and local structure. In plant cells, protein Nglycosylation surprises in the ER by the co-or posttranslational transmission of an oligosaccharide precursor, Glc 3 Man 9 GlcNAc 2 , from a dolichol lipid carrier onto exact Asn residues constitutive of the N-glycosylation consensus sequence Asn-X-Ser/Thr (X is any amino acid excluding Pro). The number of modified residues is variable in the proteins studied (Gomord et al. 2010; Hounsell et al. 1996; Lis and Sharon 1993) .
Prediction of phosphorylation sites
Protein phosphorylation is a post-translational modification of proteins in which a serine, a threonine or a tyrosine residue is phosphorylated by a protein kinase by the addition of a covalently bound phosphate group. Protein phosphorylation at serine, threonine or tyrosine residues affects a multitude of cellular signaling processes. Post-translational modifications modulate the activity (Blom et al. 1999 ). The analysis using Net Phos (Table 16) shows that all the studied proteins are potentially phosphorylated. However the sites of phosphorylation vary among the studied proteins.
Prediction of kinase specific phosphorylation sites
The prediction of kinase specific phosphorylation sites was done using NetPhosK. Table 17 shows kinase specific phosphorylation sites in studied proteins. It is shown that all the prtoeins studied are potentially phosphorylated by PKCs. Protein kinase Cs also known as PKCs are a family of enzymes that are involved in regulating the function of other proteins through the phosphorylation of serine and threonine amino acid residues on these proteins. PKC enzymes in turn are activated by signals such as increases in the concentration of diacylglycerol or Ca 2+ (MELLOR and PARKER 1998) . All the proteins are phosphorylated at same residue by Protein kinase C highlighting the possible importance of Protein Kinase signaling in the pathways involving SHP proteins.
Prediction of sumoylation sites
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Protein-Protein interactions
Protein-protein interactions in SHP1 and SHP2 proteins were analyzed using string database. The results are shown in Tables 19 and 20 . The interacting partners were similar for all the plants with respect to SHP1 and SHP2 genes. These interactions are depicted pictorially in Figure 7 and 8.
Materials and Methods
Selection of proteins for analysis
The Arabidopsis SHP1 and SHP2 proteins sequences were retrieved from NCBI and were subjected to blast analysis using BLASTP against the nr-Protein Database. Some of the hits were selected for further analysis (Table 1 and 2). The genes corresponding to these proteins were used for FGENESH analysis. Table 3 shows various tools used for analysis in this study. The plants species viz., Arabidopsis thaliana, Arabidopsis lyrata, Brassica napus, Capsella bursa-pastoris have been taken for this study.
Conclusion
In conclusion we have analyzed diversity in SHP genes and proteins in this study. This diversity may be important to create diversity in the transgenic plants engineered for shattering resistance. This analysis also needs to be complemented with phenotypic data to derive functional significance of the diversity in SHP genes. This will aid in rational manipulation of crop plants for shattering resistance.
